Abstract Lymphomas with subtle patterns in the marrow can be a diagnostic challenge, unless a high index of suspicion is maintained. We present two patients with aggressive lymphomas who presented with cytopenias and the subsequent bone marrow examinations yielded surprising results. These cases highlight the potential usefulness of a bone marrow examination in the diagnosis of lymphomas in the absence of nodal or other tissue specimens.
Introduction
The diagnosis and classification of lymphomas has traditionally been made on excision biopsy specimens of lymph nodes. The role of bone marrow examination is to adequately stage the lymphoma and to evaluate response after therapy [1] . In some instances, however, the bone marrow can yield crucial primary diagnostic information, in the absence of nodal tissue. We present two patients, who presented with cytopenias. Their bone marrow examinations yielded the primary diagnosis. These cases are presented here to highlight the subtle findings that can be present in these lymphomas. Increased awareness of the morphologic findings can hasten the time to diagnosis and timely therapy.
Patient 1
A 68 year old male presented with intermittent fever, cough and profound weakness for 2 months. Past history was not significant for any major illness. Clinical examination showed pallor with splenomegaly (4 cm below costal margin) without lymphadenopathy. Laboratory investigation showed normocytic anemia with pancytopenia. The complete blood count (CBC) was as follows: WBC 3.19 9 10 9 /L (normal range 4-11 9 10 9 /L); Hb 67 g/L (normal range 140-180 g/L); platelets 80 9 10 9 /L (normal range 150-400 9 10 9 /L). The automated differential count was neutrophils 62 %, lymphocytes 26.5 %, monocytes 10 %, eosinophils 0 % and basophils 0.5 %. Enzyme lactate dehydrogenase was 376 IU/ml (normal range 100-250 IU/ ml) and reticulocyte count was normal. Serum creatinine was normal. Liver function test revealed mild elevation of liver enzymes [Alanine transaminase 80 IU/ml (normal range 10-50 IU/ml); Aspartate transaminase 48 IU/ml (normal range 5-37 IU/ml0]. Infectious workup for tuberculosis was negative. Imaging by PET-CT showed metabolically-avid splenomegaly but no lymphadenopathy or any other FDG-avid lesion.
A bone marrow aspirate showed scattered large cells with bizarre morphology. The trephine biopsy revealed hypercellular marrow with an intravascular infiltrate of large lymphoid cells with moderately abundant cytoplasm, thick nuclear membranes, clumped chromatin and mitotic figures (Fig. 1) . Immunostains showed that these cells were intensely positive for CD20 (Fig. 2 ) and CD45; and were negative for CD3, suggesting marrow involvement by Intravascular large B-cell lymphoma (IVLBCL).
Cerebrospinal fluid analysis was negative for lymphoma cells. He was started on steroid therapy along with other supportive measures. On the fifth day of admission, he developed sudden-onset perspiration and dizziness, followed by unconsciousness and hypotension. Blood gas analysis showed mild acidosis. He was started on intravenous fluids and ionotropic drugs. Electrocardiographic monitoring showed marked ST segment elevation. He developed asystole and could not be revived despite standard resuscitation protocol. The patient's family did not consent to post mortem biopsies or sampling.
Patient 2
A 36 year old male patient presented with fever associated with chills, massive hepatosplenomegaly without lymphadenopathy and thrombocytopenia. Laboratory investigation showed normocytic anemia with severe thrombocytopenia. His CBC was as follows: WBC 11. /L). The differential count was myelocyte 3 %, band forms 2 %, neutrophils 55 %, lymphocytes 25 %, monocytes 13 % and eosinophils 2 %. Nucleated RBCs were noted on the peripheral smear. Enzyme lactate dehydrogenase was 399 IU/ml (normal range 100-250 IU/ml). Serum triglycerides were noted to be 497 mg/dL (Normal range \150 mg/dL).
Approximately 2 months prior to this, he had been diagnosed with immune thrombocytopenia with a platelet count of 30 9 10 9 /L. A bone marrow aspirate at that time showed unremarkable marrow. A biopsy was not done at that time. He was treated with high-dose dexamethasone and subsequently rituximab, and was found to be refractory to therapy.
A repeat bone marrow examination was performed. The aspirate smear showed florid hemophagocytosis (Fig. 3) , and occasional clusters of large cells (Fig. 4) . The bone marrow trephine showed hemophagocytosis as well as subtle infiltration by large cells (Fig. 5 ). Immunohistochemical staining showed that these cells were CD3-positive ( Fig. 6 ), CD56-positive, and were in a sinusoidal as well as interstitial pattern. They were negative for CD20, and other T-cell markers. Abundant CD68-positive histiocytes were evident, reflecting concomitant hemophagocytosis. The unique pattern and CD3-positivity, along with the clinical history of massive hepatosplenomegaly made this entity consistent with Hepatosplenic T-cell lymphoma (HSTL). A liver biopsy could not be performed because of severe thrombocytopenia. The patient expired within 3 weeks of the second biopsy after receiving a single round of etoposide.
Discussion IVLBCL is a rare subtype of non-Hodgkin lymphoma. When initially described, it was referred to as malignant angioendotheliomatosis and intravascular malignant lymphomatosis. However, in the 2008 World Health Organization classification; it has been classified as a subtype of diffuse large B-cell lymphoma (DLBCL) [2] . The hallmark of this type of DLBCL is the presence of lymphoma cells within blood vessel lumens, predominantly capillaries and post-capillary venules. The description of this entity is limited to case reports and series and estimated incidence is less than one person per one million individuals. It has been described in a wide range of ages (34-90 years) with equal male to female occurrence. Clinical presentation of IVBCL is quite variable and is dependent on organ compromise due to lymphoma cells causing microvasculopathy. Two clinical variants have been described-an Asian variant in which patients present with multi-organ failure, hepatosplenomegaly, pancytopenia and hemophagocytosis; and a Western variant in which patients present with central nervous system (CNS) involvement or cutaneous involvement [3] .
Our patient presented with pancytopenia and splenomegaly. His bone marrow showed presence of B-cells restricted to intravascular spaces; and PET-CT showed no avid lesions except for splenomegaly. The other pathologic entity that can present with a similar morphology in the marrow is a diffuse large B-cell lymphoma with primary splenic and bone marrow involvement [4] . However, the pattern of marrow involvement in such lymphomas is a mix of interstitial and intravascular involvement, unlike that seen in our index case. The cell of origin for IVLBCL is still elusive. The presence of clonally rearranged immunoglobulin genes makes a transformed mature post-germinal B-cell likely [2, 5] . The neoplastic cells commonly express B-cell-associated antigens CD20 and CD79a. Aberrant expression of CD5 is seen in approximately one-third of cases [2] . A purported explanation for the restricted distribution of the malignant Indian J Hematol Blood Transfus (June 2016) 32 (Suppl 1):S125-S129 S127 cells to the intravascular compartment is a defect of homing receptors on the lymphoma cells, with a lack of adhesion molecules CD29, CD54 and CD11a [6] . IVLBCL are aggressive lymphomas. As its occurrence is rare, there is lack of data comparing different treatment protocols. Majority of treatment strategies are extrapolated from DLBCL. Chemotherapy regimens in addition to anti-CD20 monoclonal antibodies have been reported with variable success [7] . Monotherapy with anti-CD20 antibodies leading to sustained remission has been described as well [8] . The treatment strategy for the Western variant of IVBCL with CNS involvement includes high dose methotrexate, as penetration to brain is poor for conventional chemotherapy used [9] . IVLBCL is frequently a late diagnosis in many patients with very short survival times. Our patient also had a rapid downhill course. We speculate that an acute coronary event due to lymphoma cells might be a plausible reason of demise. However, due to lack of post-mortem examination, this could not be confirmed.
HSTL as defined by the WHO 2008 classification, is a systemic extranodal cytotoxic T-cell neoplasm of cd-type of T-cell receptor, with marked sinusoidal infiltration of spleen, liver and bone marrow [2] . It was first described in 1990 by Farcet and colleagues [10] . The postulated cell of origin is a mature peripheral cd cytotoxic memory T-cell. It is common in adolescents and young adults with a male predominance [11] . An unusual association has been reported in patients with chronic immunosuppression, or after treatment with azathioprine and infliximab [12] . Patients present with marked splenomegaly and/or hepatomegaly without lymphadenopathy and systemic symptoms. Thrombocytopenia with anaemia and/or leucopenia is common. A characteristic cytogenetic abnormality seen isochromosome 7q [2] .
Our patient presented with refractory thrombocytopenia, anaemia and marked hepatosplenomegaly. Morphologically, the marrow showed presence of CD3-positive T cells with an intra-sinusoidal distribution. The other lymphoproliferative neoplasm that can share this morphology is a T-large granular lymphocytic leukemia (T-LGL). However, T-LGL is a more indolent disease characterized by persistent ([6 months) elevation of peripheral blood large granular lymphocytes, neutropenia and concomitant autoimmune disorders in elderly patients [2] . Morphologically, the sinusoidal infiltrate in T-LGL has been described as occurring in linear arrays, versus an expanded sinusoidal infiltrate in HSTL [13] .Immunophenotypically, T-LGL is a neoplasm of mature CD8-positive, TCR-ab-positive cytotoxic T-cells. Mortality due to T-LGL is very uncommon.
HSTL is frequently associated with hemophagocytosis due to release of cytokines from the neoplastic T-cells, and the extent of this phenomenon may mask the presence of neoplastic cells [1] . In the absence of flow cytometry, immunophenotyping by immunohistochemistry is essential to classify this lymphoma. Classically, the neoplastic T-cells in HSTL are CD2?, CD3?, CD4-, CD5-, CD8±, T-cell receptor (TCR)cd? [2] . The median survival is less than 2 years, with a rapidly progressive clinical course [14] . This lymphoma is resistant to most chemotherapeutic agents, and complete clinical remission after conventional chemotherapy is rare [15] . The severity of thrombocytopenia appears to correlate with disease progression, and re-occurrence of thrombocytopenia after therapy heralds impending relapse [16] . As mentioned above, HSTL is frequently associated with hemophagocytosis, and its presence may also correlate with a rapidly downhill course [17] . Other factors that were associated with poor prognosis were male gender, absence of TCR gene rearrangement, failure to achieve complete response and HSTL arising in the post-transplant setting [18, 19] .
Like the situation with IVLBCL, standardization of treatment in HSTL is hindered by the rarity of the lymphoma, and treatment regimens are frequently extrapolated from those of peripheral T-cell lymphoma (PTCL). Among the treatment regimens that have been used are corticosteroids, alkylating agents, purine analogues, anthracyclinecontaining regimens and cytarabine-cisplatinum combinations [15] . Response rates of 30-45 % complete remission with anthracycline-based chemotherapy have been seen, however with poor overall long term results [20] . Alemtuzumab, an anti-CD52 monoclonal antibody used in combination with purine analogs has shown no significant effect on survival [21, 22] . There have been case reports and small studies that have shown encouraging results with autologous or allogeneic transplant after first remission [15] .
Summary
Both cases described above represent rare entities with aggressive and frequently fulminant course. They represent challenges in diagnosis as well as in treatment. In the absence of lymphadenopathy and/or accessible organs to biopsy, bone marrow examinations can frequently aid in diagnosis. A high index of suspicion and use of immunohistochemical stains (even limited panels) can help confirm these lymphomas. Better treatment modalities are needed for both of these distinct entities.
